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TECHISTICAILi FIE3L.D 

5 The pzresent invention zrelates to a fc>iocieg3ra.cia.fc>le film foar 

T_ise in wirapping^ application; in pair t i cu. lair , it ^relates to a 
fc>iod.eg3raciafc)le wirap film suitable fozr use as a small iroll wirap 
film fo3r tioiasehLolci use . 

1 O BACKGROUTsTD ART 

Plastic tias now enteireci many fielcis of life anci incii_is t zry , 

anci the amount pirodLuceci annually ^reaches as much as 

app2ro>cimat e ly lOO million tons fonr the entiire woirlci. Howeveir, 

on anothezr f 2ront , the pzrohlem of tzreatment of used plastic has 

15 been gnrowing piroponrt ional ly to the amount pirociuceci . 

Conventionally, the majozrity of useci plastic has t>een 
ciisposeci of toy lanci filling and the likie. Howevex-, with plastic 
heing genezrally stable ovezr a long pezriod in a natuiral woirlci, 
mozreovezr, having a low hulk: density, vanrious pnrohlems occuir, 

20 such as landfills becoming moire and moire shoirt- lived and, on 
anotheir f iront , natuzral landscapes and living environments foir 
wild plants feeing lost . 

In zrecent yeazrs , with envi zronment al pirohlems on the irise, 
emphasis is on the efficient use of e:xihaust ihle iresouirces, such 

25 that the focus is on t>i odegiradabl e iresins th3.t do not have a 
detirimental effect on the natuiral envizronment ; that is to say, 
a hiodegiradahl e iresin, the disintegzrat ion/degiradation of which 
giradual ly p proceeds in the soil oir in wat eir via hydirolys is oir 
geneiration and degiradat ion , which, in the end, becomes a 

30 hairmless degiradation piroduct by the action of mi cirooargani sms . 

Examples of biodegiradable zresins, the pzractical 

application of which has begun, include lactic acid nresins. 



a.1 ±p)tia.t ±0 polyesters, moci±f±eci polyvinyl alcotiols, cellu-lose 
ester c;omp>o\j.n.cLs , staiircln modLifiecL comp>o\in.cLs , aincL blends ttieireof . 
Among ttiem, since lactic acid iresins having lactic acid 
obtained t>y fermentation of starch as sources can t>e mass 
5 produ-ced h»y chemical engineering and, moreover, has exicellent 
t ransparency/ St i f f nes s/heat resistance, it is part icu.lar ly 
drawing attention as an alternative material to polystyrene and 
polyethylene terephthalate . 

Meanwhile, in prior art, the main material of a small 

10 roll wrap film for hou-sehold uise was generally stretched 
polychlorinat ed vinylidene resin and e^ctruision cast 

polyethylene resin, plasticized polyvinyl chloride resin, poly 
4 - me t hylpent ene - 1 resin, and the likie. However, recently, 
research using t)iodegradat)l e resins, suich as polylactic acid, 

15 as an alternative material to these chloride vinylidene resins 
has progressed, and a variety of proposals have fc>een made. 

For instance , to provide a wrap film that is 

t)iodegradat)le and having e^ccellent aJDility to t>e cuit t>y a saw 
blade, handling properties, microwave oven heat resistance, 

20 adhesiveness to container, and gas barrier properties, Japanese 
Patent Application Laid-Open No. 2000-185381 proposes a wrap 
film comprising an adhesive layer provided on at least one face 
of a base material layer consisting mainly of a polymer having 
polylactic acid as the main component. However, a film prepared 

25 in this way has the problem that it is too hard in the range of 
temperature for practical use, and, for instance, when wrapping 
a container, does not line the container well, such that the 
use thereof in the present application is difficult. 

To provide a film for wrapping use that is transparent , 

30 heat resistant, and soft and, furthermore, having e:x:cellent 
adhesiveness onto a container or the likie without a plasticizer 
or an adhesiveness -providing agent bleeding out onto the 



suzrf ace , Japanese Patent Application Laici-Open ISTo . 2 001-49098 
p3roposes a lactic acici iresin composition having adhesive 
piropeirt ies , ok>taineci t)y mixing lOO pairts t)y mass of lactic acici 
3resin anci 1 - ICQ pairts by mass of an adhes i veness -piroviciing 
5 agent comparising one species 02r a mixtiaire of two 02r mozre 
species selected firom the g^rouip compirising polyesteir elastomeirs, 
polyamide elastomeirs, arhociine cie2rivat i"ves , anci te2rpene 2resins . 
However-, a film pirepaireci fr-om such a lactic acid iresin 
composition lackis zres i 1 iency , the film t)eing too soft in the 
10 grange of tempeiratui^re foir pnractical nse , snch that pirot>lems 
sometimes occu.2r in the ability to fc>e cuit and wrapping 
su-i tat)i 1 i ty , and the nse theireof is difficult in the piresent 
app lication . 

To pzrovide a biodegiradalDle wirap film satisfying a var-iety 

15 of properties that are required when wrapping (ability to be 
pulled out, ability to be cut, str-etching and handling 
properties, adhesive fixing properties, heat ^resistance, and 
the likie) and easy to use, Japanese Patent Application Laid- 
open No. 2001-106806 pr-oposes a heat-resistant adhesive wr-ap 

20 film having a modulus of elasticity in tension of 15 to 
ISO kig/mm^ , a zrelat ionship between the shirink: r-ate X (%)and the 
thermal shrink: stress Y (g/mm^) upon heating at 1 0 O *^ C within 
the irange of any among (For-mula_ 1) O^X<:45, O^Y<5, 
(Formula 2) O < X < 2, 55 ^ Y < 500, Y < (1500 - 20X)/3, and 

25 (For-mula 3) 2 < X < 22.5, 350 < Y < 500, Y < (1500 — 20X)/3, 

furthermore, having a heat resistance to 12 0*^C o2r higher and an 
adhesion wor-kiload of 5 to 50 g - cm/ 2 5 cm^ by adding a specific 
licjuid additive to a lactic acid aliphatic polyester having a 
cr-ystal melting point of 120°C to 250°C; Japanese Patent 

30 Application Laid-Open No. 2000-26623 proposes a heat-resistant 
adhesive wr-ap film having an elongation modulus of 2 0 to 150 
l^g/nim^, a relationship between the shrink: rate X% and the 



t!h.eirma.X shirink: stiress Y g/mm^ upon heating at 100°C within the 
□range of Y < ( 14 OO -2 OX) /3 , 2 < X < 45, and 5 < Y < 350, 

f u.2rthe2rmo2re , having a heat iresi stance to 12 0°C or higher? anci an 
adhesion woirkiloaci of 5 to 30 g- cm/25 cm^ by adding a sp>ecific 
5 lic3;T_iid additive to a lactic acid alip>hatic p>ol;yeste2r having a 
cirystal melting point of 120°C to 250°C and stiretching . 
Althoi-igh all these yield wirap> films with e:xicellent alDility to 
t)e cuLt and ability to t)e puilled ouit , as a arecove^ry t>ehavioDr 
against defoDrmation occ\j.2rs instantaneously, fo2r instance, when 

10 the film is wzrap>p>ed azround a containezr oir the like, the film 
spzreads out without lining the shape of the container-, the use 
theareof is still dif f icul t f ozr the pzresent appl icat ion . 

To p^rovide a tsiodegx-adalDle film wherein a plast i ci zenr 
pDToviding softness stays stably in a t)iodeg3radat>le iresin to 

15 maintain softness even unde^r sevenre conditions, such as du^ring 
high tempenratuire e^cposuires , Japanese Patent Application Laid- 
Open No. 2002-21088G piroposes a softening biodegiradalDle stzretch 
film having foirmed, on both faces of a biodegaradable zresin film 
containing a plast ic i zear , a thin film layear suppiressing the 

20 scattearing and exudation of the plast ic i zezr . Howevezr, with this 
film, the thin film layeir suppzressing the scatteiring and 
exudation of plasticizeir on both faces of the film being 
acnrylic, it cannot be made into a biodegaradable film. 

25 DISCLOSURE OF THE IMVENTIOISr 

PiToblems to Be Solved by the Invention 

Contained in a caardboaard box parovided with a cuttenr blade 
is the fo2rm in which a small ^roll w^rap film fo^r household use 
i s genearal ly used . When wirapping , geneiral ly the wirap f i Im i s 

30 pulled out f 2rom the ca^rdboaord box, piressed against the cuttear 
blade pzrovided on the cairdboaird box to open holes on the film 
as a per-f oirat ion line, which teairs the film, this teair is 



p)zrop)aLCfa.t eci ±n the wicitti ciiirection to cu-t the film, then, fozr 

instance, W3ra.pping so sls to stick: the edges of the film to the 

containezr while covenrincf the food and the lik:e piled up on the 

containeir (ovezrwirapping) . 
5 In so doing, if the film is too soft, sometimes the film 

cannot t>e tozrn adequately in the width dizrection, becoming 

stzretched oir tozrn in an oblique dizrection. 

In addition, since wzrap films fozr household use aire also 

used foir consezrvat ion of food in zre f zrigezrat ozrs and fzreezezrs, 
10 and undezr miczrowave oven heat, theire is the need fozr low 

t empezratuire suitability and high t empezratuzre suitability. In 

pairt iculair , when heating with a microwave oven, the film is 

sometimes heated to 100 °C odt higheir, if the film has no heat 

^resistance, duiring micirowave oven heating, tzroubles azrise, such 
15 as the film defozrms cons ideirably and adhezres e:x:cess ively to the 

containez: oz: the food in the containezr, the film melts, opening 

a hole, and the likie. 

Theirefozre, a small zroll warap film foir household use is 

obviously Drequizred to have t iranspairency , but also cutting 
20 suitability when pulling out f^rom the cazrdboazrd bo:x: and cutting, 

wDrapping suitability when wirapping, and heat iresistance foir 

tolenrating micirowave oven heat. 

Consequently, the piresent invention pirovides a 

biodegzradable wzrap film, which, in addition to biodegiradabi 1 i ty 
25 oiriginally possessed by the lactic acid zresin, is 

simultaneously pirovided with cutting suitability, wzrapping 

suitability, and heat ^resistance, which aire chairacteirist ic of a 

wzrap film fo2r household use . 

In ODrdeir to solve the pzroblems consideared, the 
30 biodegnradable wzrap film of the piresent invention is a 

biodegzradable wirap film, compirising, as the main component, a 

lactic acid Dresin composition comp2rising a plasticizear and a 

5 



poly (DXj - 1 act ± c acici) in wtiichL tine p>2rop>02rt ±0x1 of Ij-isoTneir a.ncl D- 
isomezr ±s 88:12 to 85:15 02r 12:88 to 15:85, comp>3r± s ing , thie 
lactic acid aresin composition withL a valuie of stozrage moci\j.l\j.s 
at 4 0*=*C in the irange of lOO MP>a to 3 Gf*a as measTJiireci at a 
5 f irecjTJiency of lO Hz and a disto^rtion of O . 1% i=>y the dynamic 
vi scoel ast ici ty testing method from Method A of JIS K-'7198 
( coirr-esponding to ISO 6721-4; Method A. of JIS K-7198 defined on 
1 ISTovemlDeir 1991 is c\i3r27ently replaced fc>y JIS Kl-7244-4 defined 
on 20 OctoiDer 1999) , a valuie of storage moduLluis at lOO^C in the 

10 range of 3 0 MPa to 5 00 MPa , and a peak valiae of loss tangent 
(tan 5) in the rancfe of 0.1 to 0.8. 

With the above-mentioned physical properties, a 

biodegradable wrap film is provided with heat resistance for 
tolerating microwave oven heat, as well as resiliency and 

15 softness, and stretch and tensile strengths suiitable for 
application as wrap film for hoiasehold uise , it therefore 
becomes a biodegradable wrap film simial t aneou-sly provided with 
CT-Ltting su-i t abi 1 i ty , wrapping siai t abi 1 i ty , and heat resistance, 
which are demanded for a wrap film for hoiasehold iJise . 

20 Knr thermore , from the aspect of wrapping snitability at 

normal t emperatuire , the valuie of loss tangent (tan 5) at 2 0 °C 
is preferably 0.5 or less, and in particuilar in the range of 
O . 1 to 0.5. 

In addition, the biodegradable wrap film of the present 
25 invention is preferably provided with a prescribed or siaperior 
degree of cry st al 1 ini t y - That is to say,. a difference ( AHm - 
AHc ) of 10 J/g or more between AHm,, the heat of melting 
required to melt the crystals completely when heating the film 
according to JI S K- 7121 ( corresponding to I SO 314 6) at a 
30 heating rate of lO^C/minuite lasing a differential scanning 
calorimeter, and AHc, the heat of crystallization produced 
concomitantly with crystallization duiring the heating, is 



preferred- If AHm - AHc ±s lO J / g or more, ttie film reaches ttie 
intencieca. relative crystal 1 ±ni ty anci is provideci with even more 
ciesirat>le wrapping sij.it a]Di 1 ity anci heat resistance. 

The t>ioca.egraciat>l e wrap . film of the present invention can 
5 tje prepared with a lactic acid resin composition containing a 
lactic acid resin and a plasticizer as the main component, and 
in suLch a case, a lactic acid resin composition, containing 
lactic acid resins and plasticizer at proportion fc>-y mass of 
60:1 to 99:1, is preferred- Furthermore, in so doing, uinder the 

10 conditions for preparing the loiodegradalole wrap film provided 
with the alDove — ment ioned physical properties, if a lactic acid 
resin having a high degree of crystal 1 ini ty , suich as a 
homopolymer consisting of Ij— lactic acid, is employed as a 
source material, the plasticizer bleeds ouit easily. It is 

15 therefore preferable to u-se a lactic acid resin having a lower 
degree of crystal 1 ini ty compared to a homopolymer comprising L- 
lactic acid as a soi-irce material . 

Even in cases that are slightly oiJitside the u-pper limit 
values and the lower limit values of numerical value ranges 

20 specified by the present invention, there is the possibility 
that the film is provided with a similar action effect to cases 
within the numerical value range; such cases are also included 
within the scope of the present invention . 

In addition, in the present invention, "having as main 

25 component" means this component (if there are two components or 
more, the total thereof) is a component that occupies 50% by 
mass, in particular '70% by mass or more, within the composition. 

BRIEF DESCRIPTIOlSr OF THE DRAWINGS 
30 Fig. 1 is a graph showing dynamic storage modulus for the 

e:jcamples and the comparative e:x:amples . 
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Fig. 2 ±s cL giraphi showincj loss tangent (ta.n S) for the 
e^camples anci the compazrat ±ve examples . 



DETAILED DESCRI PTIOIST OF THE I ISTVEISTT I OlST 
5 In the following, emlDociiment s of the p2resent invention 

will t>e descaribeci ; howeveir, the scope of the pzresent invention 
is not limiteci to the emlDOciiment s ciesc2rifc>eci below. 

The t)io<fleg2ra<flat»le wzrap film, accoircling to one emlDOciiment 
of the pzresent invention, is a biociegiracialDl e wirap film 
10 comprising a lactic acid resin composition as the main 
component , wherein 

the valuie of storage moduiluis at 4 O C is in a range 
of 100 MPa to 3 GPa , as measiareci at a f recg;i_ienc;y" of lO Hz anci a 
distortion of 0-l% by the dynamic viscoelast icity testing 
15 method in accordance with Method A. of JIS K-V198, 

A - 2 : the value of storage modu.lu.s at 100*=*C is in the 
range of 3 0 MPa to 50 0 MPa, and 

B-1: the peak value of loss tangent (tan S) is in the 
range of O . 1 to O . 8 . 
20 Regarding the valuie of storage moduilu.s , as mentioned 

above, provision of the following conditions (A-1 to 2) is 
important; furthermore, provision of the conditions (A-3 to 5) 
is preferred. 
(A-1) 

25 If the value of storage modulus at 40°C is lOO MPa or 

higher, as measured at a frec^uency of lO Hz and a distortion of 
0.1% t>y the dynamic viscoelast icity testing method described in 
Method A of JIS K-V1S8 (corresponding to IS06V21-4) , the wrap 
film is provided with an adecjuat e res i 1 iency , such that when 

30 cutting a film, it can be properly torn in the width direction. 

In addition, since the stress against deformation is not 
e:?cces s ively small, when overwrapping a container or the likie. 



the f ±lm can adecjuiat ely wzrap tine container withou-t stzretctiing 
locally. On the othezr hand, if the value of storage mociTj.lTj.s at 
40°C is 3 GPa oir lowezr, the film is not esccessively rigid and 
stretches to a STj.itat)le extent, such that it can wrap 
5 adecg^iaately around the shape of a container or the likie. 

From such viewpoints, 200 MPa or higher is more preferred 
for this -value, and 3 00 MPa or higher is particularly preferred. 
In addition, lOOO MPa or lower is more preferred as the upper 
limit value, and ^00 MPa or lower is particularly preferred. 

10 (A-2) 

If the value of storage modulus at 100°C is 30 MPa or 
higher , as measured at a f recjuency of 1 0 Hz and a di s tort ion of 
0.1% h>y the dynamic viscoelast ici ty testing method descrit:>ed in 
Method A of JIS K-VISS, when heating with a microwave oven, the 

15 film does not soften eixicessi vely h>y h>eing heated and does not 
stick. exicessively to the container or food; furthermore, no 
hole opens t)y melting of the film per se . On the other hand, if 
the value of storage modulus at 100°C is 500 MPa or lower, as 
the storage modulus at ordinary temperature is not esccessively 

20 high, wrapping suitat)ility at ordinary temperature does not 
constitute a problem, such as difficulty in stretching or 
inability to wrap adecjuately around the shape of the container 
or the likie, when wrapping at ordinary temperature. 

From such viewpoints, 50 MPa or higher is more preferred 

25 for this value, and in particular, 60 MPa or higher is 
preferred. In addition, 400 MPa or lower is more preferred as 
the upper limit value, and in particular, 3 00 MPa or lower is 
preferred . 

(A-3 ) 

30 A. value of storage modulus at 2 0°C of 1 GPa to 4 GPa, as 

measured at a frequency of lO Hz and a distortion of O . 1% by 

the dynamic vi scoel as t i c i ty testing method described in Method 



A of JIS K-V198, ±s p^ref e^rared. . This value ±s 3.n ind-icatoar that 
mainly affects the ^resiliency of the film. Soft films azre 
mainly divicied into small dtoII wirap films for household uise and 
wirappiing films fozr commeDrcial ij.se; in the former case, if too 
5 soft at room temp>eratuLre (in the neighborhood of 2 0*^C) , the 
film sometimes cannot fc»e torn adequately in the width direction 
with a saw blade, stretches, or is torn in an obliquie direction. 
It therefore requiires a suiitable rigidity (resiliency) at room 
temperature (in the neighborhood of 20°C). If the value of 

10 storage modulus at 20*=*C is within the aforementioned range, the 
film is not eixicessi vely rigid and stretches to a suitable 
e^ctent , such that it can wrap adequately around the shape of a 
container or the likie. 

On the other hand , a wrapping film for commerc ial use 

15 requires softness at room temperature (in the neighborhood, of 
2 0°C) ; therefore, the storage modulus at 2 0°C for a wrapping 
film for commercial use is generally 200 MPa to 800 MPa . 
(A-4) 

A value of storage modulus at 60°C of lOO MPa to 800 MPa 
20 is preferred, as measured at a frequency of lO Hz and a 
distortion of 0.1% by the dynamic vi scoelast ici ty testing 
method described in Method A of JIS K-7138. As this value is an 
indicator that affects mainly the stiffness and resiliency of a 
film and the shape maintenance of a film, if the value of 
25 storage modulus at 6 0°C is lOO MPa to 800 MPa, the film does 
not soften e:x:ces s i vely , and a phenomenon such as hanging under 
its own weight does not occur, whereby the film does not 
eijcces sibely adhere to container and food. From such viewpoints, 
110 MPa or higher is more preferred for this value, and in 
30 particular, 150 MPa or higher is preferred. In addition, 
400 MPa or lower is more preferred, and in particular, 300 MPa 
or lower is preferred. 

10 



(A-5) 

A value of stoDrage mociu-luis at 12 0°C of 1 MPa o3r Inighieir is 
p)3ref ezrireci , as measii^reci at a freqiiency of lO Hz and a cListo^rtion 
of 0.1% by thie ciynamic viscoelast ±c±ty testing methioci ciescaribeci 
5 in MethLod A of JIS K-V198, If the sto^rage modu-lu-S is 1 MPa oar 
lowear, the film softens exicessively , anci in case a containenr oir 
the likie is W3rap>p>eci, the film sometimes f i^ces to the container 
if left in a still state. If the st oarage mociu.lu.s at 120°C is 
1 MPa 02r highear, the film does not soften eixicess i vely , anci even 
10 in case a containear wDrappeci with the film anci containing, fo2r 
instance, an oil p>3roci\ict is waarmeci in a microwave oven, the 
film cioes not attach to the container. 

Regarciing loss tangent, as cie scriheci ahove , provision of 
the following conciition (B-1) is important; furthermore, 
15 provision of conciition (B-2) is preferreci. 

(B-1) 

The peak: value of loss tangent (tan S) must fc>e in the 
range of O . 1 to O . 8 , as measureci at a f recjuency of lO Hz t>y the 
cLynamic viscoelast icity testing method from Method A of JI S K- 
20 V 19 8 . 

The peaJc value of loss tangent (tan &) is a physical 
property for indicating a delay in deformation when a force is 
applied and one of the parameters for indicating a stress 
relaxation hehavior . That is to say, if the value of loss 

25 tangent is small, the stress relaxation is rapid, and the 
recovery hehavior against deformation of the film occurs 
instantaneously. Conversely, if the value of loss tangent is 
large, stress relaxation is slow, and the recovery behavior 
against deformation of the film is slow. 

30 If the considered peak: value of the wrap film of the 

present embodiment is O.l or more, the recovery behavior 
against deformation of the film does not occur instantaneously. 



su-chL that , fo2r instance, ciiairing st zret ching of ttie film fozr 
oveirl a.p>pi ng , the film does not go back at ttie instant of 
^removing ttie stiretching foirce, whieiretDy ttie film can t>e W2rap)p)ec3. 
neatly withou-t warinkiles . On the otheir Inanci, if the valuie is 0.8 
5 02r less, since the zrecoveiry iDehaviozr is not excessively slow, 
the film does not demons t irate a plastic defoirmation as long as 
it is T-ised nozrmally. 
(B-2) 

A valiae of loss tangent (tan 5) at 20°C in a range of 0.5 

1 0 ozr less, as measiaared at a f zrecjuiency of 1 0 Hz t>y the dynamic 
vi scoel ast ic i ty testing method fzrom Method A of JXS K-Vl^S, is 
pare f eirired - This value is an indicatoir affecting mainly the 
W2rapping s\j.i t afc>i 1 i ty of the film. The avearage amlDient 
tempearatiaare in a Japanese household is often in the 

15 ne ight>o2rhood of 2 0°C, and if the value of los"=5 tangent at 20°C 
is 0.5 o2r less, the film can t>e wrapped neatly without wrinkles. 

The biodegradable wrap film of the present embodiment is 
preferably further provided with the following conditions (C-1 
and D-l) . 

20 (C-1) 

The difference (AHm - AHc ) between the heat of 

crystallization AHc and the heat of melting AHm of the lactic 
acid resin component in the film, specifically, the difference 
(AHm - AHc) between AHm, the heat of melting required to melt 

25 the crystals completely when heating the film according to JXS 
K-VISI (corresponding to ISO 3146) at a heating rate of 
10°C/minute using a differential scanning calorimeter, and AHc, 
the heat of crystallization produced concomitantly with 
crystallization during the heating, is preferably lO J/g or 

30 more, in particular 12 «J/g or more, and more particularly 
15 J/g or more. 
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If AHm — AHc is lO J J <3 odt mo^re , the biodegiracialDle film 
zrea-ches the inten.c3.eci nrelative c;r-yst a.1 1 ini ty a.nc3. is pirovicieci 
with the des i3ra.fc>l e W2ra.pp)ing s\j.i ta.t)i 1 i ty a.nci hea.t ^resist anc:e - 

AHm is the heat of cirysta-l melting xrecjiai red to melt the 
5 c2rY^sta.ls c;ompletely when heating the film at a p>3resc2rit)eci 
heating rate,, and AHc; is the heat produicred du-ring 

ciry^st al 1 i zat ion occu.2r2ring in the heating process when the film 
is su.t)jected to a first order heating at a prescribed heating 
rate . AHm — AHc indicates the degree of crys- 1 a 1 1 ini t y of the 
10 lactic acid resin in the film, and a larger AHm — AHc indicates 
that the degree of cry^s t al 1 ini ty of the lactic acid resin 
inside is high. 

(D-1) 

A.t a stretch ratio in a range of U-p to 200% , a tensile 
15 stress ratio (oMD/TD) of the TD direction ( pe rpendi culI ar to the 
MD direction) with respect to the MD direction (piall direction) 
of the wrap film in a range of 0.4 to 2-5 is preferred, and a 
range of O . 5 to 2 . O is better . If within the range of O . 4 to 
2.5, even when wrapping an ang\ilar object with a biodegradable 
20 film, wrinkiles do not form readily near the corners . 

(Composition of the Biodegradable Wrap Film of the 
Present Embodiment) 

The biodegradable wrap film of the present embodiment 
contains as the main component a lactic acid resin composition 
25 containing a lactic acid resin and a plasticizer. necessary, 
other biodegradable resin components can be f\j.rther contained 
as the main component . 

(Lactic Acid Resin) 

Any among poly ( L - lact ic acid) , a homopolymer of which the 
30 St rij.c tural lanit comprises L-lactic acid, poly (D- lact i c acid) , a 
homopolymer of which the strij.ctij.ral ij.nit comprises D-lactic 
acid, and poly (DL - lact ic acid) , a copolymer of which the 
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s 1 2nj.c tunral i_in±t compirises both. Xj-lacztic: a.c±ci anci D-la.ct±c; acici, 
027 a. p>ol ymeir t)l enci thenreof , C3.n be ULseci a.s the lactic ac ±c3. 
□resin liseci ±n the present emt)oci±ment . 

Howeveir, it has been deteirminecd that, if a highly 
5 cirystalline polymezr, suLch as p)oly (L- lact ic acid) , is uLsed as 
the soijLzrce material u-nder the conditions where the 
biodegradable wrap* film of the present embodiment is 
manuif actuired , bleed-oi_it of the plasticizer occurs readily. 
Therefore, lactic acid resins that are at least less 
10 crystalline than poly ( L- lact ic acid) are preferred. Examples 
are poly (DL- lac tic acid) , or a polymer blend of poly (DL - 1 act ic 
acid) and poly (L- lactic acid) or poly (D— lactic acid) , and the 
like . 

Regarding the DL const iti_it ion ratio in poly (DL- lactic 

15 acid) , for instance, Xj - i somer : D - i somer = 100:0 to 85:15, or L- 
i somer : D — i somer = 0:100 to 15:85 is preferred; more preferable 
from the view point of plasticizer bleed-ou.t is a composition 
that is less crystalline than at least the li-isomerrD- 
isomer = 88 : 12 uLsed in the following Examples 4 to 6, namely, 

20 Xj — i somer : D — i somer = 88:12 to 85:15, or L— i somer : D — 
isomer = 12:88 to 15:85. 

Althouigh a homopolymer is ideally a polymer comprising 
100% Xj-lactic acid or D— lactic acid, as there is the 
possibility that a different lactic acid is incorporated 

25 uinavoidably during polymerization, in the present invention, a 
polymer containing S8% or more li-lactic acid or D-lactic acid 
i s referred to as a homopolymer . 

In addition, the lactic acid resin used in the present 
embodiment may be a copolymer of any lactic acid among L- lactic 

30 acid, D-lactic acid, and DL-lactic acid, and any among oc- 
hydro3cycarbo3cyl ic acid, aliphatic diol , and aliphatic 

di carboxy 1 i c acid. 



In this case, t)± f ij.nct ional aliphatic tLydiroxyca^rtJoscyl i c 
acicis, su-chL as glycolic acid, 3 -hLy^ci3roxy^t)\j.t y^zri c acidL, 4- 
hLyc3.2ro:x:yt)ijity2ri c acid, 2 -hLydzroxy-n-fcuatyiric acid, 2 - hLydiro^cy - 3 , 3 - 
dimethLyl butyiric acid, 2 -hLydiroxy- 3 -methLyl bijityiric acid, 

5 2 -methLyl lactic acid, and 2 -hLydnro^cycapzroic acid, and lactones, 
su-ch as capr-ol act one , tuatyirolactone , and val eirol actone , may be 
cited as the oc - hLY'd2ro3c;y"ca2rt>o:xLY'l i o acid. 

In addition, ethylene glycol, 1 , 4 - t)uit anediol , and 1,4- 
cyc lohe:>canedimet hanol may t>e cited as aliphatic diols. 
10 In addition, succinic acid, adipic acid, sxalDeiric acid, 

sebacic acid, dodecane dioic acid, and the likie may t)e cited as 
aliphatic dicairlDOxyl ic acid. 

Regazrding lactic acid 2resin polymerization method, 
condensation polymeari zat ion method, iring - opening polymeiri zat ion 
15 method, and othe^r well->Lnown polymeiri zat ion methods can t)e 
adopted . 

Fo2r instance, with the condensation polymeiri zat ion method, 
a lactic acid aresin with an a2rt>i t Drairy composition can iDe 
obtained t>y dizrect dehydiration condensation polymeiri zat ion of 

20 L-lactic acid oir D-lactic acid, odt a mi:x:t\j.Dre theireof . 

With the zring-opening polymerization method, a polylactic 
acid polymer can loe obtained by ring -opening lactide, which is 
a cyclic dimer of lactic acid, while xasing a polymerization 
regulator or the likie as necessary and uising a chosen catalyst. 

25 In this case, L-lactide, which is a dimer of L-lactic acid, D- 
lactide, which is a dimer of D-lactic acid, or DL - lact ide , 
comprising L-lactic acid and D-lactic acid, can be uLsed as the 
lactide, and by miixiing and polymerizing these as necessary, a 
lactic acid resin with an arbitrary composition and crystalline 

30 character can be obtained . 

In order to meet a need suich as increasing heat 
resistance, a non - al iphat ic dicarboixiyl i c acid, siJich as 

15 



tenreptittia.! ± c a.c±dL, a non - al iptiaLt ± c ciiol , such as ethylene ox±cie 
ac3.ca.T_ict of t)±sphenol A, oir the like, may be ac3.c3.eci to the lactic 
acic3. 3resin lased in. the p>Dresent emt)oc3.iment as a small amouint co- 
pol YTTieiri zat ion component. 
5 In adciition, a small amoiant of chain e:x:t enciezr , fozr 

instance, cii i socyanate compounci, epoxy compouinci , acici anhyciricie , 
03r the like, may t>e ac3.cieci fo2r the pvj.2rpose of incireasing the 
molecialair weight . 

The p2ref e2r2rec3. orange fo2r the mass - avezrage molec\ala2r weight 

10 of the lactic acici iresin u-seci in the piresent emlDociiment is fzrom 
50,000 to 400,000, anci moitre puref eztratoly firom 100,000 to 250,000. 
If the molecu-lair weight is 50, OOO oir at)Ove , su.itat)le practical 
physical pzropezrties can t)e e:x:pecteci, anci if 400, OOO 027 loweir, 
theare is also no such parohlem as pooar foarming p2rocessat>il i ty 

15 cLue to molten ^^"iscosity being too high. 

Regarciing irepiresentat i ve lactic acici iresins, the XjACEA 
series manvj-f actiaareci fc>y Mitsiai Chemicals, ISTatU-ire Woirkis series 
manu-f ac t U-reci t)y Cargill Dow, anci the like can t)e citeci. 
( Res in Components Other than Ijactic Acid Resin) 

20 As ciescrit)eci above, a biociegraciable aliphatic polyester, 

a t)iociegraciat)le aromatic polyester, or a t)iociegraciat)le aromatic 
aliphatic polyester or the like may be polymer -blencieci as 
necessary in the lactic acicL resin composition visecL in the 
biociegraciable wrap film of the present embociiment . 

25 (Biociegraciable Aliphatic Polyester) 

Regarding biodegradable aliphatic polyester other than 
lactic acid resin, for instance, aliphatic polyester obtained 
by condensation of aliphatic diol and aliphatic dicarboxylic 
acid, aliphatic polyester obtained by ring-opening 

30 polymerization of cyclic lactones, synthetic aliphatic 

polyester, and the like, can be cited . 
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Foir the above -ment ioneci "aliphiatic polyesteir obtaineci t)y 
condensat ion of aliphiatic: diol and al±F>hLat±c: c5L± ca3rt>o>cyl ic 
acid., " an al±phLat±c: polyester obtained t)y condensation 
polymeiri zat ion of any among ethylene glycol, 1 , 4 - t)\j.tanediol , 
5 and 1 , 4 - cyclohezjcanedimethianol , which a^re aliphatic diols, odt a 
mixtu.2re compirising the comlDination of two odt moire species among 
these, and any among succinic acid, adipic acid, siibeDric acid, 
set>acic acid, dodecane dioic acid, and the like, which aire 
aliphatic di cairlDOcyl ic acids, 02r a mixture comprising the 
1 0 combination of two or more species among these, can t>e used. 

The use of a polymer obtained by increasing the molecular 
weight as necessary with an isocyanate compound or the like is 
also possible. 

The preferred range for the mass - average molecular weight 
15 of this aliphatic polyester is from 50, OOO to 400, OOO and more 
preferably from 100,000 to 250,000. 

Regarding specific examples, the BIONOLLE series 

manufactured by Showa High Polymer, EnPol manufactured by Ire 
chemical, and the like may be cited. 
20 For the above— mentioned "aliphatic polyester obtained by 

ring— opening polymerization of cyclic lactones, " a polymer 
obtained by ring-opening polymerization of any among e - 
caprolact one , S — valerolactone , |3 -methyl — S -val erolactone , and 
the like, which are cyclic monomers, or a component comprising 
25 a combination of two or more species among these, can be used. 

The preferred range for the mass -average molecular weight 
of this aliphatic polyester is from 50,000 to 400,000 and more 
preferably from 100,000 to 250,000. 

Regarding specific examples.- the Celgreen series 

30 manufactured by Daicel Chemical Industries may be cited. 

For the above-mentioned "synthetic aliphatic polyester, " 
a copolymer of cyclic acid anhydride and oxiranes, or the like, 

17 



fo3r instance, su.cc±n±c anlnyciiricie and ethylene oxide, p)2rop>ylene 
oxiicie , 02r tine like, can fc>e useci . 

Ttie p>3ref eDTireci range foir ttie mas s — aveirage molecialair weight 
of this aliphatic polyester is firom 50,000 to 400,000 anci more 
5 preferably from 100,000 to 250,000. 

(Biodegradable Aromatic Polyester) 
A t)iodegradalDl e aromatic polyester comprising an aromatic 
dicarboxyl ic acid component, an aliphatic dicart>oxyl i c acid 
component, and an aliphatic diol component, can t)e used as 
10 lDiodegradafc>le aromatic polyester . 

In this case, regarding aromatic di carboxyl i c acid 
component, for instance, isophthalic acid, terephthalic acid, 
2 , 6 - napht hal ene di carboxyl i c acid, and the likie may be cited. 
Regarding aliphatic dicarboscylic acid component, for instance, 
15 succinic acid, adipic acid, siaberic acid, sebacic acid, 
dodecane dioic acid, and the 1 ike may be cited . Regarding 
"aliphatic diol, " for instance, ethylene glycol, 1 , 4 -but anediol , 
1 , 4 - eye lohe^canedimethanol , and the like may be cited. 

Respectively, two or more species of aromatic 

20 di carbo^cyl i c acid component, aliphatic dicarboscylic acid 
component, or aliphatic diol component, can also be used. 

In the present embodiment, the most suitably used 
aromatic di carbo:x:yl i c acid component is terephthalic acid, the 
aliphatic dicarbo:x:yl i c acid component is adipic acid, and the 
25 aliphatic diol component is 1 , 4 — but anediol . 

(Biodegradable Aromatic Aliphatic Polyester) 

Regarding biodegradable aromatic aliphatic polyester, 
biodegradable aromatic aliphatic polyesters comprising an 
aromatic dicarboxylic acid component, an aliphatic di carboxyl ic 
30 acid component, and an aliphatic diol component, can be cited. 

Regarding aromatic dicarboxylic acid component, for 
instance, isophthalic acid, terephthalic acid, 2 , 6 - napht hal ene 
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aliphatic dicazrlDoxyl ic acid component, for instance, suiccinic 
acid, adipic acid, su-lDezric acid, set>acic acid, dodecane dioic 
acid, and the like may t>e cited. Regarding aliphatic diol , for 
5 instance, ethylene glycol, 1 , 4 - t)u.tanediol , 1,4- 

cyclohe:x:anedimethanol , and the like may t)e cited. Respectively, 
two or more species of aromatic di car]Do>cy 1 i c acid component, 
aliphatic dicarlDoxylic acid component, and aliphatic diol 
component can also tue u.sed. 

lO A-mong the at>ove , the most s\j.itat>ly u.sat>le aromatic 

di carhoxyl i c acid component is terephthalic acid, the aliphatic 
di cart)03cyl i c acid component is adipic acid, and the aliphatic 
diol component is 1 , 4 -t)U.tanediol . 

Althoijigh an aliphatic polyester comprising aliphatic 

15 di cart)o:x:y 1 i c acid and aliphatic diol is known to fcte 
hiodegradat>le , in order for hiodegradalDility to manifest in an 
aromatic aliphatic polyester, the presence of an aliphatic 
chain between the aromatic rings is necessary. Therefore, the 
aromatic di carhoxyl i c acid component of the t)iodegradat>le 

20 aromatic aliphatic polyester used in the present embodiment is 
preferably 50 molar % or less. 

Regarding representative biodegradable aromatic aliphatic 
polyester other than lactic acid resin, copolymer of poly 
biatylene adipate and t erephthalate (Ecof lex maniaf actiared by 

25 BASF) , copolymer of tetramethylene adipate t^nd t erephthalate 
(EastarBio manu-f actiared by Eastman Chemicals) , and the like, 
can be cited. 

From the viewpoint of the effect of improving impact - 
resistance and cold resistance, the glass transition 

30 temperature (Tg) of the above-mentioned aliphatic polyester, 
aromatic polyester, and aromatic aliphatic polyester is 
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p>zref e3ra.t>ly O C or below, aindL a. mixing cjuiantiity theareof of 3 0 % 
t)y mass ozr less is aciecjuiate . 
(Plasticizeir) 

A plasticizeir has the fianction of lowering the glass 
5 transition t emperatu-re (Tg) an<d. softening lactic acid resins. 
Regarding plasticizer used in the present embodiment, from the 
points of -view of comp>at ibi 1 i ty with lactic acid resin and 
biodegradabi 1 i ty , a plasticizer comprising one species or a 
combination of two or more species chosen from among the 
10 compounds shown in (-A.) to (I) below is preferred, and among 
these, the following (F) is particularly preferred. 

(A) H5C3 (OH) 3-n (OOCCH3) n (with the proviso that O < n < 3 ) 
This is a mono acetate, a diacetate, or a triacetate of 

glycerin , and a mixture thereof i s accept able , however , n is 
15 preferably closest to 3 . 

(B) Glycerin alkylate (the al3<:yl group has 2 to 20 
carbons, and may have a hydroxyl group residue) 

For instance, glycerin t r ipropionat e , glycerin 

tributylate, and the likie, may be cited. 
20 (C) Ethylene glycol alkylate (the alkiyl group has 1 to 2 0 

carbons, and may have a hydroxyl group residue) . 

For instance, ethylene glycol diacetate, and the like, may 
be cited . 

(D) Polyethyleneglycol alkylate with 5 or fewer ethylene 
25 repeat units (the alkyl group has 1 to 12 carbons, and may have 

a hydroxy 1 group residue) - 

For instance, diethyl eneglycol monoacetate, 

diethyl eneglycol diacetate, and the like, may be cited. 

(E) Aliphatic monocarboxyl ic acid alkyl ester (the alkyl 
30 group has 1 to 2 0 carbons) 

For instance, butyl stearate, and the like, may be cited. 
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(F) Aliphatic ciica.2rfc>o3cyl ic acici a-lkyl esteir (the a-lkiyl 
gnrou-p has 1 to 2 O ca2rt>ons , and may have a canrbo^cyl gnrouip 
2resiciu.e) , among which, those with a niamlDeDr average molecialair 
weight of lOO to 2000 is piref eirireci . Specifically, c3.i(2- 

5 ethyl hexyl ) adipate, di ( 2 - ethylhexyl ) azelate, and the like, may 
be cited . 

(G) Aliphatic t2rica2rh:>o:x:yl ic acid alJcyl este^r (the alkiyl 
grou-p has 1 to 2 0 cazrbons, and may have a cairiboxyl girouip 
2resid"u.e) . 

10 Fo3r instance, citiric acid tirimethyl esteir, and the like, 

may toe cited. 

(H) Low molecu-laDT weight al iphat ic polyesteir with a mass - 
aveirage molecij.la2r weight of 20, OOO 02r fc>elow 

Foir instance, a condensate of suiccinic acid and ethylene 
15 glycol /pzropyl ene glycol (sold by Dainippon Ink: and Chemicals, 
Inco2rpo2rated uindeir the pzroduict name " POLYCIZER" ) , and the like, 
may t>e cited. 

(I) NatuLzral fats and deirivatives theireof 

Fo2r instance, soybean oil, epoxidized soybean oil, casto^r 
20 oil, wood oil, canola oil, and the like, may be cited. 

Reganrding the mixing pnropoartion of the lactic acid iresin 
and plasticizeir in the above-mentioned lactic acid ire sin 
composition, lactic acid ires in : pi ast ic i zeir= 60 — 99:40 — 1 t>y mass 
□ratio is piref ezrzred , in pair t icu-l air , 7 0-90:30-10 is piref eirired . 
25 If the amouint of plasticizeir is gireateir than lactic acid 

iresin : plast ici ze2r= 99:1, the composition can be softened to an 
extent that is irecgT-iiired as a wirap film. On the otheir hand, if 
less than lactic acid iresin : pi as t ic i ze2r= 60:40, excessively low 
viscosity at melt extiru-sion time, oir tempozral piroblempiroblems , 
30 suLch as bleed -ouit, do not occuiir . 

In addition to the above lactic acid iresin composition, 
an additive, suich as, a heat stabilizezr, an antioxidant, an 
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acihLesive, an anti-fog agent, a UV at>so3rt>ent , a light s tatoi 1 i ze^r , 
a pigment, a coloirant , a lu.t>3ric:ant , a niacleating agent, anti- 
hycizrolys i s agent, cieocioiri zing agent, anci thie likie, can be 
f onrmulateci , as necessa^ry, into the lactic acici iresin 

5 composition constituting the at)0-ve -mentioned fc>iocieg2raciat)l e wirap) 
film, with a irange that cioes not cietnract firom the effects of 
this invent ion - 

( P3rep>ar-at ion Method) 

In the following, a p)2rep>a2rat i on method foir the 

10 lDiocieg2raciat)l e W2rap> film will t>e ciesc2rit)eci , which is not limited 
to the p>2rep>a2rat ion method desc2rifc>ed h>elow- 

The t>iodegiradat)le W2rap> film accoirding to the p> present 
embodiment can fc>e p>2repa2red, fo2r instance, t)y the method of film 
fozrming by melt esctDrusion . 

15 The composition to be used as the film soiairce matezrial 

may be pire - compounded befoarehand using a co- rotating twin sczrew 
eixit nrudear , a kineade^r, a Henschel miixiezr, 02r the likie. A.fte2r dzry 
blending each sounrce material, the film e^ctruder may be fed 
directly. Licjuid components, such as pi ast i ci zer , can be 

20 injected from the vent opening of the e^ctruder, using a pump or 
the like, separately from the solid components. 

After the composition to serve as the film source 
material is melted and extruded, it suffices to perform the 
treatment of forming the film, for instance, by cjuenching on a 

25 casting drum, and, after film forming, heating for a determined 
length of time. It is adecjuate , after film forming, to draw the 
film vertically using a heated vertical drawing roll, as 
necessary, or, to draw the film using a tenter, as necessary. 
Moreover, in addition to the casting method, the inflation 

30 method and the drawing method can also be adopted. 

In the above -ment ioned preparation method , to adj ust the 
physical properties required for the present embodiment, that 



±s to say, the storage mociij.lij.s at 20°C, 40°C, 60°C, 80°C, 100°C, 
anci ISO'^C measianreci at a f 2rec3iJ.ency of lO Hz and a ciistoirtion of 
O - 1% \Dy the ciynamic ^/-i scoel ast ±c ±ty testing methoci, AHm - AHc, 
as well as thie peak: value of loss tangent (tan 5) , to the 
5 oranges ciescaribeci above, the aci j u-s tment can be achieved by^ 
GomlDining the composition of the lactic acicL resin composition 
(for instance, the LD ratio) , the t;ype of plasticizer, the 
mincing proportion of the lactic acid resin composition and the 
plasticizer, and the forming process conditions, in part icu-lar , 

10 the heating condition suLbsequient to film forming. 

The treatment of heating after film forming is performed 
by sel ect ing appropriate condi t ions according to the type of 
lactic acid resin uised, and increasing the degree of 
cr y s t a 1 1 ini t y of the film by this treatment to brincf AHm AHc 

15 to lO J/g or more, in particular 2 0 J/g or more, is desirable. 

When a lactic acid resin with a low degree of 
crystal 1 ini ty , si-ich as poly (DL - lact i c acid) , is used as the 
source material, it is desirable, after film forming, to cure 
for G hours or more at a prescribed temperature. In so doing, 

2.0 curing temperature must be between the glass transition 
temperature, when heating the film according to JIS K— 712 1 at a 
heating rate of 10°C/minute using a differential scanning 
calorimeter, and the peak temperature of the heat of 
crystallization produced concomitantly with crystallization 

25 during the heating. Curing is preferably by kieeping at a 
temperature that is higher than the glass transition 
temperature by 3 0°C or higher and for 12 hours to 2 4 hours, 
more preferably at a temperature that is higher than the glass 
transition temperature by 35 °C to 4 0°C and for 12 hours to 24 

30 hours . That is to say, in the case of a lactic acid resin with 
a low degree of crystal 1 ini ty , the degree of crystal 1 ini ty must 
be increased by taking time under gentle conditions . 



Mea.n.whL± 1 e , in. the case of a. polyme2r t>lenci of poly^ (DL- 
lactic acid) with poly (L- lactic acid) or poly (D- lact ic acici) , 
the ciegzree of c^rys t al 1 ini ty can. also t>e inczreaseci hy the ahove 
ciaaring ; however, as the degree of crys t al 1 ini ty is high 
5 compareci to poly (DL- lac t i c acid) , the degree of crys tal 1 ini ty 
can he increased to a prescribed range even t>y a heat treatment 
at high temperatuire for a short time. In this case, regarding 
the heat treatment conditions, for instance, heat treatments at 
60°C to 120°C for 1 to 200 seconds, at VO°C to 110°C for 2 to 
10 30 seconds, and at 80°C to 100°C for 3 to 20 seconds, are also 
possible. In so doing, regarding the heating method, in 
addition to direct heating, heating method t>y energy waves, 
such as radio frequiency and t_i1 t rasouind , can also he also 
adopted . 

15 In order to increase AHm - AHc, the draw ratio can he 

increased to promote or ient at ion— induced crystallization; 
however, considering the application of wrap film for microwave 
oven uise , increasing the degree of crystal 1 ini ty hy curing or 
heat treatment is preferred. 

20 In order to adjust the tensile stress ratio (oMD/TD) to 

the ahove -ment ioned range, takie-up rate and hlow ratio heing 
important in the inflation method, setting the hlow ratio to a 
range of 1.2 to 5-0 is preferred. In addition, in the casting 
method, setting the eixLtrus ion draw down ratio to 1 . O to lO . O is 

25 preferred. In addition, in the draw method, setting the 
vertical draw ratio to 1 . 5 to 5 . O and the horizontal draw ratio 
to 2 . O to S . O is preferred. 

EXAMPLES 

30 Eixiamples will he shown in the following; however, these 

do not limit the present invention in any way. 
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The MD ciiireGtion of sl film meia.ns the inakie— u.p> ci±2rect±on 
(flow diirection) , and the TD cii^rection means the di^rection that 
is pex-pendicu-lair to the MD ciiirection (width dizrection) . 

Note that the measiairement values shown in the examples 
5 and Table 1 have fc>een measu-ired and calculated nndeir the 
conditions shown in the following. 

(Dynamic Viscoelast ici ty Testing Measij.2rement ) 

Measuiirement s we ire peirfoarmed by the dynamic 

vi scoel ast i ci ty testing method descriloed in Method A. of JIS IC- 

10 7198 ( coirnresponding to ISOGVSl-^:) , using the viscoelastici ty 
spect 2ro2rheome tezr "VES-F3" manuf ac t U2red t)y Iwamoto Seisakiusho 
K.K. , at an oscillation firequency of lO Hz, a distozrtion of 
0.1%, tempe2ratu2res of 20°C and 0°C, in the MD di^rection of a 
sheet . 

15 (AHm — AHc) 

Measuirement s of heat upon heating a film at a heating 
2rate of 1 0 C/minute , based on JIS K-VISI ( coirire spending to 
IS03146) , weire peirfoirmed using a di f f eirent ial scanning 
caloirimetenr (DSC- 7) manuf actuired by PeirkiinElmeDr , and 

20 calculations wenre penrfonrmed firom the dif feirence of the amount 
of heat piroduced (AHc: J/<g) concomitantly with cirys talli zat ion 
and the amount of heat absorbed (AHm: J/g) concomitantly with 
cirystal melting, firom the obtained theirmogaram . 
(Tensile Stress Ratio (oMD/TD) ) 

25 Tensile tests were performed for the MD direction and the 

TD direction of a film, according to JIS K-7H3, at a tensile 
velocity of 200 mm/minute, and calculations were performed by 
dividing the MD stress (Pa) by the TD stress (Pa) - 
(Abil ity to Be Cut ) 

30 A. film was wound around a paper tube, placed in a 

commercial carton provided with a saw blade, the film was 
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pialleci ou-t firom thte ca.2rton, anci the ahDility to be cut with a. 
saw blade was evaluated. 

The evaluation C2rite3ria weare : ciircle fozr those films with 
a good at>ility to t>e cut, triangle foir those that could t>e cut 
5 tout with a somewhat poozr atoility^ to toe cut, and c2ross fo2r those 
where the atoility to toe cut was not good and the film stretched. 
(Heat Resistance) 

Two tempura shrimps (length: on the order of 160 mm) were 
placed on a ceramic dish, which was then wrapped with a film, 
10 placed in a 500 W microwave oven, and heated for 3 minutes; 

tearing due to heating was otoserved and evaluated with the 
following criteria : 

Circle: no hole formed. 

Triangle : level where some holes are formed or 
15 deformations are otoserved, tout posing no protolem for use. 

Cross: level where a large hole forms, or a large 
deformation is otoserved, posing protolems for use . 
(Wrapping Suitatoility) 

Wrapping suitatoility when a ceramic dish is wrapped toy a 
20 film, was evaluated with the following criteria: 

Circle: level allowing suitatole wrapping 

Triangle: level where some wrinkiles occur, tout posing no 
protolem for practical use. 

Cross: level where the film does not line the shape of 
25 the container and spreads, posing protolem for practical use. 
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(Reference E3camp>le 1) 

The lactic acici zresin NatuireWoirks 4 03 1D (moXeciaXair 
we igtit : 200,000), wtiicti ±s a poly (L - 1 ac tic acid.) with a 
5 p> XT op> o 3r t i on of L- isomei: : D - isomei: = 99:1 mania f act uareca. toy 
Cazrgill Dow, anci O . 1 ptiar of alnminuim stearate as Inbir i cant 
were mixeci, ttien melteci and e^ct nacieca. at 190°C anci 2 00 rpm 
using a 4 O mmO mini co — rotating twin-screw ext riacier 
manu-f act lire ci t»y Mi t suLiDistii Heavy Inciiastries Co. , Ltd. , wtiile 
1 0 irij ec t ing from ttie vent opening 3 O wt % in mass rat io of 
triethyl citrate as plasticizer (CITROFLEX 2 (TEC in the 
table) ; molecnlar weight: 270; SP value: 11.46 [fedors 
method] 7 mamaf actur ed by Morimura Bros . , Inc . ) , and a lO pm 
film was formed at a temperature of 2 00°C by the casting 
15 method, which was then cured at 6 O C for 2 4 hours. 

(Reference Example 2 ) 

The lactic acid resin ISTatur eWorks 4050 (molecular 
weight: 200,000) , which is a poly (IDL - lac t ic acid) with a 
proportion of L - i somer : D - i somer = 95:5 manufactured by 

20 Cargill Dow, and O . X phr of aluminum stearate as lubricant 
were mixed, then melted and extruded at 190°C and 200 rpm 
using a 40 mm<I> mini co-rotating twin-screw extruder 
manufactured by Mitsubishi Heavy Industries Co. , Ltd. , while 
injecting from the vent opening 15 wt% in mass ratio of 

25 triethyl citrate as plasticizer (CITROFLEX 2 (TEC in the 
table ) ; molecular weight : 2 7 O ; S P value : 11.46 [ f edor s 
method] ) , and a 10 ]j.m film was formed at a temperature of 
2 O O *^ C by the casting method, which was then cured at 60°C for 
2 4 hours . 

30 (Reference Example 3) 

The lact ic acid res in NatureWorkis 4 O 5 O (molecular 
weight: 200,000) , which is a poly ( DL - lact i c acid) with a 
proportion of L- i somer : D- isomer = 95:5 manufactured by 
Cargill Dow, and O . 1 phr of aluminum stearate as lubricant 



2 8 



were mixeci, then melted axici ext riicieci a.t 190°C a.n.ci 2 00 arpm 
using SL 4 O mmO m± n± co — irotating twxn-scirew ext aruciear 
mamaf actuiireci by Mi t siabi shi Heavy Indus tar ies Co. , Ltd. , while 
injecting from the vent opening lO wt% in mass ratio of 
5 adipic acid ester ( PX- 8 84; mol ecular weight : 65 O ; SP value : 
11-3 [fedors method] ; manufactured t>y -A.sahi Denkia Co. , Ltd.) , 
and a 10 vim film was formed at a temperature of 2 00°C Joy the 
casting method, which was then cured at 60°C for 24 hours. 
( Examp 1 e 1 ) 

1 0 The lactic acid res in ISIatureWorkis 4 O 6 O (molecular 

weight: 190,000) , which is a poly ( DL - lact i c acid) with a 
proportion of L - isomer : D- isomer = 88:12 manufactured toy 
Cargill Dow, and O.l phr of aluminum stearate as lubricant 
were mixed, then melted and extruded at 190°C and 200 rpm 

1 5 using a 4 O mm* mini co - rot at ing twin- screw extruder 
manufactured toy Mitsutoishi Heavy Industries Co. , Ltd. , while 
injecting from the vent opening lO wt % in mass ratio of 
adipic acid ester (PX-884; molecular weight: 650; SP value: 
11.3 [fedors method] ; manufactured toy Asahi Denka Co. , Ltd.) , 

20 and a 10 \im film was formed at a temperature of 2 00 °C toy the 
casting method, which was then cured at 60°C for 2 4 hours. 
(Example 2) 

The lactic acid resin NatureWorks 4 060 (molecular 
weight: 190, 000) , which is a poly (DL- lact ic acid) with a 

25 proportion of L - isomer : D- isomer = 88:12 manufactured toy 
Cargill Dow, and O.l phr of aluminum stearate as lutoricant 
were mixed, melted and extruded at 190°C and 200 rpm using a 
40 mm* mini co-rotating twin-screw extruder manufactured toy 
Mitsutoishi Heavy Industries Co. , Ltd. , while injecting from 

30 the vent opening 15 wt% in mass ratio of adipic acid ester 
(PX-884; molecular weight: 650; SP value: 11.3 [fedors 
method] ; manufactured toy Asahi Denka Co. , Ltd. ) , and a 10 pm 
film was formed at a temperature of 200°C toy the casting 
method, which was then cured at 60°C for 24 hours. 
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(E:x:a.mple 3) 

The X ac t ± c acicL zresxn NatiazreWozTkis 4060 (TnoXeciJ.Xa.3r 
weXg^hit : 190, 000) , whiichi ±s a. poXy (DL- Xact ±c acici) with a. 
propoir t ion. of L— ± somer : D - isomeir = 88:12 m^.mjLf ac tuizred. t)y 
5 CaargiXX Dow, anci O.l phir of aXiamimjim steairate as XulDirioant 
were mixed., thien meXteci and extiru-ded at 190°C and 200 rpm 
using a 40 inin<l> mini co — rotating twin — screw extnader 
manuif act Tared t)y Mi tsialDishii Heavy Industries Co. , Ltd. , whiXe 
injecting from the vent opening V wt% in mass ratio of adipic 

10 acid ester (PX-884; moXecuXar weight: 650,- SP vaXue : 11.3 
Cfedors method] ; maniaf actured toy A.sahi Denlca Co. , Ltd. ) , and 
a 10 pjTL fiXm was formed at a temperatiare of 200 °C t)y the 
casting method, which was then ciared at 60 °C for 24 hoiars - 
(Reference ExampXe 4) 

15 The Xactic acid resin nSTatiareWorJcs 4 03 1D (moXecuXar 

weight: 200,000) , which is a poXy ( L - Xact ic acid) with a 
proportion of L- i somer : D - i somer = 99:1 manuif ac tur ed t>y 
CargiXX Dow, and the Xactic acid resin Wa tureWorks 4050 
( moi ecu-X ar we ight : 200,000) , whi ch is a poXy(DL-Xactic acid) 

20 with a proportion of L— isomer : D- isomer = 95 : 5 manuf ac tured t>y 
CargiXX Dow, were dry-tjXended at a proportion of 

4031D:4050 = 50 wt % : 5 O wt % , mixed with O.l phr of aXiaminiam 
St earate as Xiattr i cant , then me X ted and extruded at 1 9 O ° C and 
200 rpm using a 4 0 mm<l> mini co-rotating twin— screw extruder 

25 manufactured toy Mitsutoishi Heavy Industries Co. , Ltd. , while 
injecting from the vent opening 4 0 wt% in mass ratio of 
triethyX citrate as pXasticizer (CITROFLEX 2 ; moXecuXar 
weight: 270; SP vaXue : 11.46 [fedors method] ; manufactured toy 
Morimura Bros . , Inc . ) , and a 10 p.m f iXm was formed at a 

30 temperature of 200°C toy the casting method, which was then 
cured at 60°C for 24 hours. 

(Reference ExampXe 5) 

The Xactic acid resin Nature Worses 4 03 1D (moXecuXar 
weight : 200,000), which is a poXy(L- Xact ic acid) wi th a 
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p>2rop>0 2rt X on of L - ± somezr : D - ± s omear = 99:1 manuLf ac tu.2reci t>y 
Caargill Dow, the Xactxc acxd. x:esxn NatuareWoirkis 4050 
(molecTj.la.2r weight: 200, 000) , which is a poly (DL- lact ic acici) 

with a paropoirtion of L i somezr : D- isomear = 95:5 manuif ac tuareci 

5 by Caargi 1 1 Dow , and the lactic acid ares in nSTatiaareWozTkis 4 O 6 O 
( mol ecuil air weight: 190, 000) , which is a poly (DL- lact ic acici) 
with a pxropoxrtion of L- isomer : D- isomex: — 8 8:12 manuf actixxreci 
t)y Caargill Dow, weare cix-y- blended at a pxropoirt ion of 
4 O 3 ID : 4 O 50 : 4 O 60 = 45 wt % : 4 5 wt % : 1 O wt % , mixed with O.l phar of 

10 alumirnxm steaxrate as lubxri cant , melted and e^ctxruded at 190°C 
and 2 00 rpm using a 4 0 mm^ mini co-xrotating twin-scirew 
e^ctzruLdex" manuif actuixred by Mitsubishi Heavy Indus tries Co. , 
Ltd . , whi le in j ect ing f x:om the vent opening 3 O wt % in mass 
ratio of triethyl citrate as plasticizer (CITROFLEX 2; 

15 molecular weight: 270; SP value: 11.46 [fedors method] ; 

manufactured by Morimura Bros . , Inc. ) , and a ID \iTt\ film was 
formed at a temperature of 200°C by the casting method, which 
was then cured at 6 O ° C for 2 4 hours . 
(Bleed Acceleration Test) 

20 The following bleed acceleration test was performed for 

the films obtained in the above Examples 1 to 3 and Reference 
Examples 1 to 5 . That is to say, a film with lO cm in the MD 
direct ion and 1 0 cm in the TD direct ion , was left in an 
environment of 40°C and 4 0%RH for 3 0 days, and the presence 

25 or the absence of plasticizer rising onto the film surface 
was visual ly observed . 

The result shows that Examples 1 , 2 and 3 , and 
Reference Examples 3 and 5 were better compared to Reference 
Examples 1, 2, and 4 . Among these. Examples 1, 2 and 3 were 

30 particularly good without any identification of bleeding at 
all . 

(Comparative Example 1) 

The lactic acid resin NatureWorks 4 03 1D (molecular 
weight : 200,000), which is a poly ( L- lact ic acid) with a 
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proportion. of L - ± somer : D - isomezr = 99:1 ma.mj.f a.c tiareci tty 
Ca.2rg±XX Dow, and. O . X phir of aXiaminuiTn stea.2ra.te as XulDricant 
were Tnixed, meXted anci ext ruicieci at X90°C anci 200 rpm using a 
40 mmO mini co-rotating twin-screw ext r\ic5Ler mani-if act"u.r eci t)y 
5 Mi t siattishi Heavy Industries Co. , Ltd. , whiXe injecting from 
the vent opening 30 wt % in mass ratio of triethyi citrate as 
pXasticizer (CITROFLEX 2; moXecuXar weight: 270; SP vaXue : 
11 . 4 6 [f edors method] ; manufactured by Morimura Bros . , Inc . ) , 
and a 10 ]j.m film was formed at a temperature of 200°C fc>y the 

10 casting method. 

Although the degree of crys taX X ini ty was Xow, the 
eXastic moduXus at 40°C was a Xow 20-8 MPa , the attiXity to be 
cut was poor, and some hoXes opened in the heat— resistance 
evaluation, the film did not pose a problem for practical use. 

15 ( Comparat i ve E:x:ample 2 ) 

The lactic acid resin. NatureWorks 4060 (molecular 
weight: 190,000) , which is a poly ( DL - lac t i c acid) with a 
propor t ion of L - i somer : D - i somer = 8 8:12 manufactured t>y 
Cargill Dow, and O . 1 phr of aluminum stearate as lubricant 

20 were mixed, then melted and extruded at 190°C and 200 rpm 
using a 4 0 mm<I> mini co- rotating twin — screw extruder 
manufactured by Mitsubishi Heavy Industries Co. , Ltd. , while 
in j ect ing from the vent opening 1 0 wt % in mass rat io of 
adipic acid ester {PX-884,- molecular weight: 650; SP value: 

25 11 .3 Cf edors method] ; manufactured by Asahi Denka Co. , Ltd. ) , 
and a 10 p.m film was formed at a temperature of 2 00°C by the 
casting method. 

For the present film, the elastic modulus at 40°C was 
350 MPa , and the ability to be cut was somewhat poor, but at 

30 a level that posed not problem for practical use. However, as 
there was no crystallization at all, the elastic modulus at 
100 °C was 1 MPa or lower, and as a result, a large hole 
opened in the heat- resistance evaluation, and furthermore, 
the film stucJc to the porcelain or the tempura . 
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( Comp>a.2ra. t ± E>ca.mp>le 3) 

The 1 act i c acici zresxn Natuiire Works 4060 (moleciJ.la.3r 
weight: 190,000) , which is a poly ( DL- lac t ic acici) with a 
proportion of L - isomer : ID - isomer = 88:12 maniaf ac tiareci hy- 
5 Cargill Dow, and O.l phr of aliaminiam stearate as luihricant 
were mixed, then melted and e^ctriaded at 190°C and 200 rpm 
us ing a 4 O mm<E> mini co - rot at ing twin-screw extriader 
manuf actur ed hy Mi t siahi shi Heavy Industries Co. , Ltd. , while 
injecting from the vent opening 15 wt% in mass ratio of 

1 0 adipic acid ester ( PX- 8 84; molecular weight : 65 O ; SP value : 
11 .3 [fedors method] ; manufactured toy Asahi Denka Co. , Ltd. ) , 
and a lO p.m film was formed at a temperature of 200°C hy the 
cast ing method . 

For the present film, the elastic modulus at 40°C was a 

1 5 low of 11.6 MPa , and the film had a low ahi 1 i ty to he cut ; in 
addition, as there was no crystallization, the film had a low 
elastic modulus at 100°C of 12.9 MPa, and a large hole opened 
in the heat— resistance evaluation. 
(Comparative E>cample 4) 

20 The lactic acid resin Nature Works 4060 (molecular 

weight : 190, OOO) , which is a poly (DL - lact ic acid) with a 
proportion of L - isomer : E) - isomer = 88:12 manufactured hy 
Cargill Dow, and O.l phr of aluminum stearate as lubricant 
were mixed, then melted and extruded at 190°C and 200 rpm 

25 using a 40 mm<E> mini co — rotating twin— screw extruder 
manufactured hy Mitsubishi Heavy Industries Co. , Ltd. , while 
injecting from the vent opening V wt% in mass ratio of adipic 
acid est er ( PX- 8 8 4; molecular weight : 65 O ; SP value : 11.3 
[fedors method] ; manufactured hy Asahi Denka Co. , Ltd, ) , and 

30 a lO ]j.m film was formed at a temperature of 200°C ]Dy the 
cast ing method . 

For the present film, elastic modulus at 40°C was a 
high of 1.6 GPa , and the a]3ility to Idg cut was excellent . 
However , as there was no crys tall izat ion , the f ilm had a low 
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ela.st±G modu-lu-S a.t 100°C of 19.6 MPa. , and a. la.3rge h.ole opened 
±n the heat - ires ±st ance eva.lij.a.t ±on . 
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